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ABSTRACT OF CAPSTONE

ALCOHOL SALE STATUS AND VIOLENT DEATHS IN KENTUCKY,
USA: 2005-2012
Alcohol is one of the major public health problems worldwide because of
its association with many health and psychological problems. This study adds to
the extant literature by examining the association between being a resident in a
wet county and having an alcohol related violent death, an alcohol related
suicide, or an alcohol related homicide victimization.
The first aim of this study is to determine whether residents of wet
counties have a higher odds of alcohol related violent deaths than residents of
dry/moist counties after adjusting for other confounding factors. The second aim
is to determine whether residents of wet counties have a higher odds of having
alcohol related suicides than residents of dry/moist counties after adjusting for
other confounding factors. The third aim is to determine whether residents of wet
counties have a higher odds of being an alcohol related homicide victims than
residents of dry/moist counties after adjusting for other confounding factors. The
fourth aim is to determine whether the association between being a resident in a

wet county and having an alcohol related violent death exists only in counties
with high population (>100,000 individual/county).
We conduct a multilevel logistic regression analysis of the violent deaths
reported to the Kentucky Violent Death Reporting System between 2005 and
2012. We also use a cluster analysis approach to determine whether there is a
clustering of suicides, alcohol related suicides, homicides, and alcohol related
homicide victims. To study possible effect modification by population in each
county, we stratify by population.
The data suggest that there is an association between being a resident of
a wet county and having an alcohol related violent death and an alcohol related
suicide, but not homicide. In addition, the data suggest that there is no
association between being a resident of a wet county and being a victim of
alcohol related homicide.
KEYWORDS: (ALCOHOL, ETHANOL, VIOLENCE, SUICIDE, HOMICIDE,
DEATH)
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CHAPTER 1
INTRODUCTION
Alcohol use and death from suicides and homicides is a major public health
problem in the United States and worldwide (Grucza et al., 2012). Homicides and
suicides are among the top ten leading causes of death among adults in the United
States (Centers for Disease Control and Prevention; J. E. Logan, Smith, & Stevens,
2011). Prior studies showed that alcohol was present in about 30-50% of suicide and
homicide victims (Darke, 2010; Kuhns & Maguire, 2012). Meanwhile, several alcohol
use-limiting policies were implemented to reduce alcohol-related harms, such as,
suicide, homicide, other violent crimes, and vehicle crashes. Such policies included
banning alcohol sales, limiting number of alcohol outlets (Branas, Richmond, Ten Have,
& Wiebe, 2011; Giesbrecht et al., 2015; Jennings et al., 2014; Parker RN et al., 2011),
applying high alcohol taxes (Zeoli & Webster, 2010), limiting hours of alcohol sales
(Duailibi et al., 2007; Malaga, Gonzalez, Huaco, & Sotelo, 2012), limiting days of alcohol
sales (Heaton, 2012; Middleton et al., 2010), setting a minimum blood alcohol level
when driving (Grucza et al., 2012), and limiting drinking age (Grucza et al., 2012).
Results from studies of the effect of the aforementioned policies on reducing violent
deaths, suicides, and homicide victimization were conflicting.
In Kentucky, suicide (66%) and homicide (22%) were the most common manner
of death among the violent deaths that occurred between 2005 and 2010 (Walsh,
Wang, Stromberg, & Bush). Kentucky has diverse and continuously changing alcohol
laws that result in an intermingled combination of wet (32 county), moist (49 county),
and dry counties (39 county). Dry counties are counties that prohibit all sale of alcoholic
10

beverages. Wet counties are counties that permit full retail sales of alcohol under state
license whereas moist counties are counties that have a wet city in a dry county or
select site only sales, such as, historic sites. The classification is not strict and moist
cities can be in dry counties and vice versa (Department of Alcoholic Beverage Control,
2015).
To date, there is no study of the association between the alcohol sale status of
decedents’ residence and having an alcohol related violent death, alcohol related
suicide, and alcohol related homicide in Kentucky.

Purpose of the Study
The purpose of the current study is:
1. To determine whether violent death decedents who are residents of wet counties
have a higher odds of alcohol related violent deaths than violent death decedents
who are residents of moist/dry counties after adjusting for confounding factors.
2. To determine whether suicide decedents who are residents of wet counties have
a higher odds of alcohol related suicides than suicide decedents who are
residents of moist/dry counties after adjusting for confounding factors.
3. To determine whether homicide victims who are residents of wet counties have a
higher odds of alcohol related homicides than homicide victims who are residents
of moist/dry counties after adjusting for confounding factors.
4. To determine whether the association between alcohol sale status of decedents
and having alcohol related violent deaths, suicides, and homicide victims exists
only in counties with high population.
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5. To determine whether there is a spatial clustering of suicides, homicides, alcohol
related suicides, or alcohol related homicides in wet counties.

Statement of the Problem
Alcohol and its association with violent deaths, such as suicides and homicide,
remain one of the most challenging and preventable public health problems. Prior
studies suggested that alcohol availability might be associated with increasing alcohol
use that was, in turn, associated with violent deaths, such as, suicides (Branas et al.,
2011), homicides (Norstrom, 2011a), and other violent crimes (Heaton, 2012). Prior
studies used ecologic level data to study the effect of various policies that limit alcohol
use. For example, rates of suicides or homicides and other risky behaviors were
compared to the density of on-premise and off-premise alcohol outlets (Reboussin,
Song, & Wolfson, 2011) , before and after implementing alcohol prohibition (Asbridge &
Weerasinghe, 2009), and Sunday sales allowance (Heaton, 2012). Results from the
aforementioned studies were conflicting.
In Kentucky, one of the strategies that is implemented to reduce alcohol
associated harms is limiting or preventing alcohol sales. This strategy resulted in wet,
moist, and dry categorization of the counties based on their alcohol sale status. Have
this strategy been effective, there should be less alcohol related violent death. To our
knowledge, there is no research on the effect of the alcohol sale status of violent death
decedents’ residence and their blood alcohol level at the time of death.

12

Overview of Project Processes
A Multilevel logistic regression analysis was used to analyze data of violent death
decedents that were reported to the Kentucky Violent Death Reporting System from
2005-2012. A Cluster analysis approach and spatial statistics were used to determine
whether there was a clustering of suicides, alcohol related suicides, homicides, and
alcohol-related homicides. Stratification by population was done to study possible effect
modification.

Scope and Importance of the Study
This study will add to the extant literature by examining the relationship between
the alcohol sale status of the decedent’s residence and having an alcohol related violent
death, an alcohol related suicide, and an alcohol related homicide victimization to
identify the effect of this policy in reducing alcohol related harm. In addition, it will help
to identify whether the population size affects this relationship.
Using the population-based Kentucky Violent Death Reporting System (KVDRS),
we hypothesize that the odds ratio of having an alcohol related violent death is higher
among suicide and homicides decedents who reside in wet counties than suicide and
homicide decedents who reside in dry/moist counties, after adjusting for confounding
factors and effect modifiers.

13

CHAPTER 2
LITERATURE REVIEW
Alcohol effects
Alcohol is a psychoactive substance that can lead to a variety of social and
health problems (National Collaborating Centre for Mental Health (UK), 2011).
Alcohol is also associated with a wide range of mental health problems, such as,
depression, anxiety, drug misuse, nicotine dependence, and self-harm. Estimates
shows that about 41% of suicides are attributable to alcohol (National Collaborating
Centre for Mental Health (UK), 2011).
The main neurotransmitter systems affected by alcohol are gamma-aminobutyric
acid (GABA), glutamate, dopamine, serotonin, and opioid (Nutt, 1999). GABA is the
major inhibitory neurotransmitter in the brain. Alcohol mimics GABA's effect in the brain
through binding to GABA receptors and inhibiting neuronal signaling. Alcohol also
inhibits the major excitatory neurotransmitter, glutamate, particularly at the N-methyl-daspartate (NMDA) glutamate receptor. The action of alcohol on GABA and glutamate is
responsible for alcohol's sedating, amnestic, and anxiolytic properties (Krystal et al.,
2006). In addition, acute use of alcohol increases the levels of dopamine and serotonin
by either increasing their release or slowing down their reabsorption. Alcohol increases
dopamine at the reward pathway only and affects the dopamine indirectly through its
action on the opioid system. Serotonin is a neurotransmitter in the brain that acts as a
behavioral inhibitor, that is, excess release of serotonin causes mood stabilizing effects
(Cowen & Lawrence, 1999; Frazer A & Hensler JG, 1999; Lovinger, 2008; Niemelä,
14

2007; Oswald & Wand, 2004; Tupala & Tiihonen, 2004). However, chronic alcohol use
may be associated with depletion of serotonin leading to increased impulsivity,
aggressiveness, depression, and violence (Lovinger, 2008). The adverse effects of
serotonin depletion on mood and judgement can increase the risk of violence and
violent crime. Alcohol also stimulates endogenous opioids leading to the pleasurable
and reinforcing effects of alcohol (Oswald & Wand, 2004). Opioids, in turn, stimulate
the dopamine system in the brain, which is responsible for appetitive behaviors
including the regulation of appetite for food, sex, and psychoactive drugs.
The action of alcohol on the brain is biphasic, that is, when blood alcohol
concentration (BAC) levels are rising, the stimulant properties of alcohol are more
pronounced; when BAC levels are falling, the depressant effects of alcohol are more
pronounced. The stimulating effects of alcohol are attributed to its effects on adrenaline,
norepinephrine, and the prefrontal cortex. Alcohol causes the release of norepinephrine
in the brain (McDougle CJ, Krystal JH, Price LH, Heninger GR, & DS, 1995). It also
causes the pituitary to release hormones which signal the adrenal glands to release
adrenaline (National Institute on Alcohol Abuse and Alcoholism, 1996). Finally, alcohol
inhibits the functioning of the prefrontal cortex that is responsible for decision making
(Volkow et al., 1990). All the previous effects of alcohol on hormones and
neurotransmitters may play an important role in uncontrolled behaviors.
Research showed that about 50% of homicide victims and 14%-60% of homicide
perpetrators were under the influence of alcohol (Buskirk, Janish, & Lineberry, 2012;
Goldstein, Brownstein, Ryan, & Belluci, 1989; Sharps, Campbell, Campbell, Gary, &
Webster, 2001).
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Alcohol availability and suicide
Recently, a multilevel study of 51,347 suicide decedents reported to the National
Violent Death Reporting System (NVDRS) between 2003 and 2011 shows that the
density of both on-and off-premises alcohol outlets in a county is associated positively
with alcohol-related suicide, especially, among men and American Indian/Alaska
Natives regardless of their intoxication status (Giesbrecht et al., 2015). However, the
aforementioned study was limited by the inability to adjust for important confounding
factors for suicide, such as, mental illness and employment status, as well as for
homicide, such as, drug abuse (Giesbrecht et al., 2015).
Similarly, a population-based individually matched case–control study of acute
alcohol consumption, alcohol outlet availability, and intentionally self-inflicted gun injury
(fatal and nonfatal) found that gun suicide risk was higher in individuals who consumed
alcohol than individuals who were at areas with high alcohol outlet availability (Branas et
al., 2011). The relationship between alcohol, guns, and suicide is complex. Studies of
the relationship between alcohol, guns, and suicides suggested that gun suicide victims
often used alcohol to alleviate their fears. However, the gun availability was considered
necessary and sufficient cause of suicide whereas alcohol was considered necessary
but not sufficient (Branas et al., 2011; Smith, Brenas, & Miller, 1999). A more recent
study found similar findings (Conner et al., 2014). The previous findings emphasize the
need for multifaceted intervention programs to reduce suicide.
A synthetic review of literature showed that ethnicity is an important confounder
of the association between alcohol and suicide as demonstrated by the approximate
doubling of the rates of suicides, alcohol related suicides, and alcohol consumption
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among Native Americans compared to the general U.S population (Allen, Levintova, &
Mohatt, 2011). The main reasons reported for alcohol drinking were “reducing stress
and trauma, sadness, depression, despair, and a sense of being caught between
cultures. “(Allen et al., 2011)
A review of the effectiveness of policies maintaining or restricting alcohol sales
found that increasing days of sale was associated with an increase in excessive alcohol
consumption and alcohol-related harms and that reducing the number of days that
alcohol was sold decreased alcohol-related harms(Middleton et al., 2010) .
Finally, several studies showed that alcohol related suicides varied by age, sex,
ethnicity, and economy (Branas et al., 2011; Caces F & Harford T, 1998; Giesbrecht et
al., 2015; Kaplan MS et al., 2015).
Alcohol availability and homicide
One of the earliest alcohol restricting policies in the United States is the
constitutional prohibition of alcohol in 1920 (Asbridge & Weerasinghe, 2009). A study of
the effect of the enactment of the prohibition that employed an interrupted time series
approach of 11,018 homicide victims and offenders in Chicago between 1870 and 1930
found no change in the alcohol related homicides rates, 21% increase in total
homicides, and 11% increase in the non-alcohol related homicides (Asbridge &
Weerasinghe, 2009). The no change in alcohol related homicides was attributed to
underestimation. Another possible explanation could be that the prohibition was not
enforced and people continued to consume alcohol. The rise in total and non-alcohol
related homicides was explained by the appearance of black market, organized crime,
and subculture of violence at that time (Asbridge & Weerasinghe, 2009). Several
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questions remained unanswered in that study due to lack of data. For example, “Did the
prohibition impact the economy by increasing the unemployment and the poverty
leading to violence?” and “Was the prohibition associated with the emergence of other
substances abuse leading to violence?”
Another study of alcohol availability and homicides found that an increase in
alcohol sales was associated with increasing homicides rates in men only. Such an
association suggested that both alcohol and violence were more common in men (Ray,
Moineddin, & Bell, 2008). Similarly, another study of the association between the
number of on-premise and violent crimes in Kansas showed that a 10 percent increase
in drinking establishments was associated with a 3.7 to 4.1 percent increase in violent
crime suggesting that alcohol might act as a catalyst for violent behaviors (D. Mark
Anderson, Benjamin Crost, & Daniel I. Rees, 2014). A major limitation of the prior
studies is the use of an ecologic approach, which is limited by the “ecologic fallacy”, that
is, results cannot be generalized to individuals.
Risk Factors
Suicide and homicide victimization are both important preventable public health
problems in the US and worldwide (Pompili et al., 2010; Walsh et al.). Suicide (64.6%)
and homicide (22.6%) were the most common manners of death among violent deaths
in the US (National Violent Death Reporting System (NVDRS), 2015; Parks, Johnson,
McDaniel, & Gladden, 2014). Similar percentages were reported in Kentucky between
2005 and 2010 (Walsh et al.). Studies of violent deaths showed that risk factors for
suicide and homicide victimization included, but was not limited to, interpersonal
violence (Sumner et al., 2015), intimate partner problems (D. L. Karch, Logan,

18

McDaniel, Floyd, & Vagi, 2013; Panczak et al., 2013; Stockl et al., 2013; Sumner et al.,
2015; Vatnar & Bjorkly, 2013), financial problems (Charnigo & Walsh, 2012;
Reichenheim et al., 2011; Searles, Valley, Hedegaard, & Betz, 2014), physical health
problems (Recklitis, Zhou, Zwemer, Hu, & Kantoff, 2014; van Wijngaarden, Leget, &
Goossensen, 2014), mental health problems (Crump, Sundquist, Winkleby, &
Sundquist, 2013; Kim et al., 2012; J. Logan, Hall, & Karch, 2011), depression (Crump et
al., 2013), drug and alcohol abuse (Haw, Hawton, Niedzwiedz, & Platt, 2012; D. L.
Karch et al., 2013; LeardMann et al., 2013; J. Logan et al., 2011; Riihimäki, Vuorilehto,
Melartin, Haukka, & Isometsä, 2014; Sumner et al., 2015; Vijayakumar, Kumar, &
Vijayakumar, 2011), rural residence (Searles et al., 2014), firearm accessibility
(Anglemyer, Horvath, & Rutherford, 2014), proximity to alcohol outlets (Branas et al.,
2011; Livingston, 2011), density of alcohol outlets (Gmel, Holmes, & Studer, 2015), and
acute use of alcohol (Buskirk et al., 2012; Kaplan MS et al., 2015; Kuhns & Maguire,
2012; Parker & Auerhahn, 1998; Pompili et al., 2010; Pridemore & Chamlin, 2006;
Ramstedt, 2011). The aforementioned factors increased the risk of suicide and
homicide victimization via direct and indirect pathways (Kerr, 2012; Pridemore &
Chamlin, 2006) as well as interactions with age (D. Karch, 2011; van Wijngaarden et al.,
2014), sex (Mathews, Abrahams, Jewkes, Martin, & Lombard, 2009; WeizmannHenelius et al., 2012), and race/ethnicity (Alcohol and suicide among racial/ethnic
populations—17 states, 2005–2006., 2009).
A recent surveillance report of the National Violent Death Reporting System
(NVDRS) showed that the prevalence of life stressors was common among violent
death decedents (Parks et al., 2014). For example, of suicide decedents, 31 % had
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intimate partner problems, 10 % had interpersonal violence, 40% had current
depression, 22% had physical health problems, 15.4% had job problems, and 13.6%
had financial problems (Parks et al., 2014). In contrast, of homicides victims, 10%-13%
had intimate partner problems/violence (Parks et al., 2014; Stockl et al., 2013) and 2%
had mental illness (Parks et al., 2014). However, the previous report lacks a comparison
group of non-violent death decedents, which limits the conclusions of the association
between life stressors and violent deaths.
Regarding intimate partner problems/violence, a systematic review and metaanalysis of longitudinal studies published before February 1, 2013 showed that intimate
partner violence (IPV) was associated with incident suicide attempts among women
only and incident depressive symptoms (pooled OR from six studies=1.97, 95% CI
=1.56–2.48) among both men and women (Devries et al., 2013). There was also
evidence of a reverse association between depressive symptoms and incident IPV
among women only (pooled OR from four studies=1.93, 95% CI= 1.51–2.48) (Devries et
al., 2013). Another review of 37 papers on IPV and suicidality showed similar findings
(McLaughlin, O'Carroll, & O'Connor, 2012). A review of the contributing factors of the
lethality of IPV found an overlap between IPV victimization and perpetration. In addition,
factors that were associated with increased lethality of IPV included repeated exposure
to IPV, age younger than 30 years, unemployment, low education, and job/financial
problems. Six Studies reported that alcohol use, alcohol dependence, and increased
alcohol availability were important risk factors for IPV victimization and perpetration
(Cunradi, Mair, & Todd, 2014; Graham, Bernards, Knibbe, et al., 2011; Graham,
Bernards, Wilsnack, & Gmel, 2011). In fact, a population-based study found that an
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increase of 10 alcohol outlets per 10,000 persons was associated with 12%-34%
increase in IPV perpetration (McKinney, Caetano, Harris, & Ebama, 2009). In addition,
several studies suggested that alcohol consumption increased aggression and lethality
of violence between partners (Cunradi et al., 2014; Graham, Bernards, Wilsnack, et al.,
2011; Hove, Parkhill, Neighbors, McConchie, & Fossos, 2010; McKinney et al., 2009).
The association between economic status and suicide has been under study
since the nineteenth century when Durkheim hypothesized that suicide rates would rise
during periods of economic depression and economic prosperity (Phillips & Nugent,
2014). However, recent ecologic studies (Charnigo & Walsh, 2012; Cordoba-Dona, San
Sebastian, Escolar-Pujolar, Martinez-Faure, & Gustafsson, 2014; Phillips & Nugent,
2014) showed that increasing unemployment rates had a positive association with
suicide rates, in particular, for middle-aged males (Phillips & Nugent, 2014). To date,
there are no studies of how economic prosperity will affect suicide and other forms of
violent deaths. An international study of 170 nations of the World Health Organization’s
database (WHO) (Chon, 2012) emphasized the results of prior cross sectional studies
that ethnic heterogeneity, linguistic heterogeneity, and income inequality were
associated with increasing homicide rates. In addition, alcohol is a well-known risk
factor for job loss that could result in family problems due to excessive expenditure on
alcohol that could lead, in turn, to reducing access to food and shelter (Graham,
Bernards, Knibbe, et al., 2011). Another study found that Gross Domestic Product
(GDP) had a significant negative impact on homicide rates, that is, as the GDP
decrease, homicide rates increase (Chon, 2012). A study of 11,018 homicides in
Chicago between 1870 and 1930 showed that total and non-alcohol-related homicide
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rates increased during alcohol prohibition in 1920 by 21% and 11% respectively. It also
found that alcohol-related homicides remained unchanged after adjusting for
unemployment rates suggesting that the prohibition might led to illegal trade and
consumption of alcohol (Asbridge & Weerasinghe, 2009).
Findings from civilian (Beghi, Rosenbaum, Cerri, & Cornaggia, 2013; Berk,
Grosjean, & Warnick, 2009; Chan, Chiu, Lam, Wong, & Conwell, 2014; Gold, Singh,
Marcus, & Palladino, 2012; Nock et al., 2008; Pompili et al., 2008) and military studies
(Bush et al., 2013; Maguen et al., 2015) indicated that mental illness increased the risk
of suicidality. However, the type of mental illness varied between civilians and military
population as bipolar disorder and schizophrenia (D. L. Karch, Logan, & Patel, 2011)
were more common among the former whereas anxiety disorders and post-traumatic
stress disorder were more common among the latter (Bush et al., 2013). In a Swedish
nationwide cohort study of 615 homicide decedents in 7, 253, 516 adults, any mental
illness was associated with a 4.9-fold (95% CI= 4.0 - 6.0) risk of homicidal death,
relative to people without mental illness after adjusting for sociodemographic factors
(Crump et al., 2013). Another study showed similar findings (Allgulander & Nilsson,
2000). While research of the role of mental illnesses in increasing the vulnerability to
homicide victimization was limited, there was plenty of research suggesting that mental
illnesses increased the risk of violent behaviors including homicide perpetration
(Arseneault, Moffitt, Caspi, Taylor, & Silva, 2000; Flynn, Rodway, Appleby, & Shaw,
2014; Warren et al., 2002).
Regarding the association between physical illness and suicide, a populationbased matched case control study of 1,408 patients enrolled in health insurance
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programs found that the only medical condition that remained associated with suicide
after adjusting for untreated and treated mental illness was cancer (aOR= 2.3, 95% CI=
1.1 - 4.8) (Miller, Mogun, Azrael, Hempstead, & Solomon, 2008). In contrast, a matched
case control study found a statistically significant increase in the odds of suicide in
patients with congestive heart failure (OR=1.7, 95%CI=1.3-2.4), chronic obstructive lung
disease (OR=1.6, 95% CI= 1.4-1.9), seizure disorder (OR= 2.95, 95% CI= 1.9-4.6),
urinary incontinence (OR=2.0, 95%CI=1.3-3.4), moderate pain (OR= 1.9, 95% CI= 1.72.2), and severe pain (OR= 7.52, 95% CI= 4.9-11.5) (Juurlink, Herrmann, Szalai, Kopp,
& Redelmeier, 2004). The discrepant findings from the previous two studies could be
due to different methodology used in modeling the association between suicide and
physical illness as estimates from the former study were over adjusted for matching
factors. Another study found a 50% increase (OR=1.5, 95%CI= 1.2-1.9) in the odds of
firearm suicide among males with physical illness (Hempstead, Nguyen, David-Rus, &
Jacquemin, 2013). These findings add to the findings from descriptive (Mark S. Kaplan,
Huguet, McFarland, & Mandle, 2012) and analytic studies of suicidality (Conwell et al.,
2010; Marusic & Goodwin, 2006). Physical illness play an important role in suicide,
particularly, in the elderly. The physical illness itself, and medications used to treat it,
may cause depressive symptoms, which may increase suicidality (Pompili et al., 2010).
The severely ill patients and the elderly frequently use alcohol to ease and facilitate the
suicidal behavior (Pompili et al., 2010). To date, there is no research on the role of
physical illness in increasing susceptibility to homicide victimization suggesting the need
to explore this risk factor (Pompili et al., 2010).
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Compared to other life stressors, there is an extensive body of literature on the
role of alcohol as a main (Allgulander & Nilsson, 2000; Ambade, Godbole, & Kukde,
2007; Beghi et al., 2013; Branas et al., 2011; Castillo-Carniglia, Kaufman, & Pino, 2013;
Conner et al., 2014; Darke & Duflou, 2008; Goodman et al., 1986; Grucza et al., 2012;
Kaplan MS et al., 2014; M. S. Kaplan et al., 2013; Kim et al., 2012; Kuhns & Maguire,
2012; Kuhns, Wilson, Clodfelter, Maguire, & Ainsworth, 2011; LeardMann et al., 2013;
Mash et al., 2014), and mediating (Buskirk et al., 2012; Caetano et al., 2015; Pompili et
al., 2010) risk factor in suicide (Ambade et al., 2007; Beghi et al., 2013; Branas et al.,
2011; Caetano et al., 2015; Conner et al., 2014; Grucza et al., 2012; Kaplan MS et al.,
2014; M. S. Kaplan et al., 2013; Kim et al., 2012; Kuhns & Maguire, 2012; LeardMann et
al., 2013; Mash et al., 2014; Pompili et al., 2010) and homicide victimization
(Allgulander & Nilsson, 2000; Ambade et al., 2007; Buskirk et al., 2012; CastilloCarniglia et al., 2013; Darke & Duflou, 2008; Goodman et al., 1986; Grucza et al., 2012;
Kuhns & Maguire, 2012; Kuhns et al., 2011). Alcohol abuse and dependence is a form
of mental illness that can confound and lead to other life stressors (Pompili et al., 2010).
Furthermore, recent ecologic studies investigated the role of alcohol and several
alcohol-related policies on suicide and homicide victimization (Gmel et al., 2015;
Ramstedt, 2011) (D. Mark Anderson et al., 2014; Giesbrecht et al., 2015; Jennings et
al., 2014; Pridemore & Chamlin, 2006; Zeoli & Webster, 2010). Despite the different
methodology and populations used in the aforementioned studies, there were consistent
findings regarding the positive effect of alcohol consumption on suicide and homicide
victimization. Nevertheless, results of ecologic studies cannot be generalized to
individuals because alcohol consumption was measured at the population level.
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However, it might or might not be present at the blood of the decedents at the time of
the incident indicating the need to conduct individual level studies to probe alcohol
effects on violent deaths (Moyses Szklo & Javier Nieto, 2012). Alcohol increased the
risk of homicide victimization through increasing the likelihood of risk-taking and
provocative behavior by some potential victims. Because alcohol is a central nervous
system depressant that may cause the release of inhibitory control mechanisms, it
permits the expression of aggressive or violent behavior (Goodman et al., 1986).
Furthermore, intoxicated individuals can be easier targets for other forms of violence
that often end in homicide (Goodman et al., 1986).
As a summary, despite the important role of alcohol as risk factor for violence, it
is a necessary, but not a sufficient cause of violent death (Branas et al., 2011; Moyses
Szklo & Javier Nieto, 2012; Rothman, 2012). In fact, a recent Australian survey of 697
men and 649 women aged 16–47 years found that age, gender, occupational category,
area-level socioeconomic status, and level of alcohol consumption at the time of
interview were all significant predictors of involvement in alcohol related violence.
Specifically, males, age less than 12 years, blue-collar workers, and residents of the
most socioeconomically disadvantaged areas had a high odds of involvement in alcohol
related violence (Zinkiewicz, Curtis, Meurer, & Miller, 2015). However, the literature
lacks a pathway analysis of the association between alcohol and the aforementioned
problems to identify potential reverse causality. For example, does job loss lead to
depression and alcohol consumption? Or, does alcohol consumption lead to job loss?
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CHAPTER 3
METHODOLOGY
Data Source
Data of violent deaths, which occurred between the calendar years 2005 to 2012,
were extracted from the Kentucky Violent Death Reporting System (KVDRS). The
KVDRS is a passive surveillance system that provides a detailed account of violent
deaths that occur in Kentucky since 2005. The (KVDRS) combines data from death
certificates, coroner/medical examiner reports, police reports, crime laboratory reports,
toxicology reports, and child fatality review team reports. Data were either coded by an
abstracter trained to extract data from the various types of reports or were imported
electronically from other systems (i.e., Bureau of Vital Statistics DC files or CME data
sets). To ensure the accuracy of the codes and the adherence to the National Violent
Death Reporting System (NVDRS) coding manual, the abstractor reviewed all data. The
abstractor assigned the manner of death using information from the death certificates,
the coroner or medical examiner reports, and law enforcement reports.
Suicide and homicide decedents were identified from the KVDRS by the final
manner of death they were assigned by the data abstractors.
The exposure variable
The primary exposure variable is the alcohol sale status of the county in which
violent death decedents lived. For the purpose of this study, this variable was made as
a binary variable (wet vs moist/dry). Decedent’s county of residence was abstracted
from (KVDRS) and matched to wet, moist, dry county list released by the Department of
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Alcoholic Beverage Control in 2015 because earlier versions of the list were not easily
accessible. There were 35 wet counties, which include Anderson, Boone, Bourbon,
Bracken, Breckinridge, Bullitt, Campbell, Carroll, Christian, Clark, Daviess, Fayette,
Floyd, Franklin, Fulton, Gallatin, Harrison, Henderson, Jefferson, Kenton, Lyon,
Magoffin, Marion, Mason, McCracken, Meade, Nelson, Nicholas, Owsley, Perry,
Spencer, Trigg, Union, Wolfe, and Woodford. There were 48 moist counties, which
include Barren, Bell, Boyd, Boyle, Caldwell, Calloway, Carter, Clay, Edmonson,
Garrard, Grant, Graves, Grayson, Green, Greenup, Hardin, Harlan, Hart, Henry,
Hopkins, Jessamine, Johnson, Laurel, Letcher, Lewis, Livingston, Logan, Madison,
Marshall, Mercer, Montgomery, Muhlenberg, Oldham, Owen, Pendleton, Pike, Pulaski,
Rowan, Scott, Shelby, Simpson, Taylor, Todd, Trimble, Warren, Washington, Wayne,
and Whitley. The 37 dry counties include Adair, Allen, Ballard, Bath, Breathitt, Butler,
Carlisle, Casey, Clinton, Crittenden, Cumberland, Elliott, Estill, Fleming, Hancock,
Hickman, Jackson, Knott, Knox, Larue, Lawrence, Lee, Leslie, Lincoln, Martin,
McCreary, McLean, Menifee, Metcalfe, Monroe, Morgan, Ohio, Powell, Robertson,
Rockcastle, Russell, and Webster.
The outcome variable
The post mortem level of blood alcohol of suicide and homicide decedents was
defined as a binary variable (positive, negative). Suicides and homicides were
considered as alcohol related if the post mortem blood alcohol content was higher than
0.0% (Giesbrecht et al., 2015; Kaplan MS et al., 2014). Those who were not tested or
were tested but the result was undetermined were excluded from the multilevel
regression analysis, however, they were mapped and analyzed spatially.
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Confounding factors and effect modifiers
Sociodemographic variables included sex (male, female); age group (<=21, 2130, 31-40, 41-50, 51-60, 61+ years); race (Caucasian, African American/all
others/unspecified); and educational level (8th grade, 9-12th grade, high school grade,
above high school grade). Other confounding factors included county of residence (wet,
moist, dry); county of injury (wet, moist, dry); presence of any mental illness (yes, no);
substance abuse problem (yes, no); intimate partner problem (yes, no); presence of
argument before suicide (yes, no); marital status (married, never married/single,
widowed, divorced/separated); and weapon type (firearm, poisoning, hanging, sharp
objects, all others, unspecified/ unknown).
The population of counties was classified as follows: (<=35,000, 35,001-100,000,
>100,000) individual/county. Counties that have >100,000 residents include Boone,
Fayette, Hardin, Jefferson, Kenton, and Warren. Counties that have a population
between 35,001 to 100,000 residents include Barren, Boyd, Bullitt, Calloway, Campbell,
Christian, Clark, Daviess, Floyd, Franklin, Graves, Greenup, Henderson, Hopkins,
Jessamine, Laurel, Madison, McCracken, Nelson, Oldham, Pike, Pulaski, Scott, Shelby,
and Whitley. Counties that have more than 100,000 residents include Adair, Allen,
Anderson, Ballard, Bath, Bell, Bourbon, Boyle, Bracken, Breathitt, Breckinridge, Butler,
Caldwell, Carlisle, Carroll, Carter, Casey, Clay, Clinton, Crittenden, Cumberland,
Edmonson, Elliott, Estill, Fleming, Fulton, Gallatin, Garrard, Grant, Grayson, Green,
Hancock, Harlan, Harrison, Hart, Henry, Hickman, Jackson, Johnson, Knott, Knox,
Larue, Lawrence, Lee, Leslie, Letcher, Lewis, Lincoln, Livingston, Logan, Lyon,
Magoffin, Marion, Marshall, Martin, Mason, McCreary, McLean, Meade, Menifee,
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Mercer, Metcalfe, Monroe, Montgomery, Morgan, Muhlenberg, Nicholas, Ohio, Owen,
Owsley, Pendleton, Perry, Powell, Robertson, Rockcastle, Rowan, Russell, Simpson,
Spencer, Taylor, Todd, Trigg, Trimble, Union, Washington, Wayne, Webster, Wolfe, and
Woodford.
Residence of the violent death decedents was also included as a binary variable
(Appalachian, Not Appalachian). Appalachian counties include Adair, Bath, Bell, Boyd,
Breathitt, Carter, Casey, Clark, Clay, Clinton, Cumberland, Edmonson, Elliott, Estill,
Fleming, Floyd, Garrard, Green, Greenup, Harlan, Hart, Jackson, Johnson, Knott, Knox,
Laurel, Lawrence, Lee, Leslie, Letcher, Lewis, Lincoln, McCreary, Madison, Magoffin,
Martin, Menifee, Metcalfe, Monroe, Montgomery, Morgan, Nicholas, Owsley, Perry,
Pike, Powell, Pulaski, Robertson, Rockcastle, Rowan, Russell, Wayne, Whitley, and
Wolfe (Appalachian Regional Commission). The remaining counties were considered
not Appalachian.
A composite binary variable was created to indicate the presence of substances
other than alcohol in the blood. That is, if the post mortem blood was positive for any of
the following drugs (amphetamine, antidepressant, benzodiazepines, cocaine,
marijuana, anticonvulsants, muscle relaxant, opiate, barbiturates, antipsychotic), the
presence of other drugs was considered positive. If the post mortem blood test was
negative for all of them, it was considered negative.
The effect of blood alcohol content was categorized as No effect of alcohol (<0.039mg/dl), Mild impairment (0.040-0.099 mg/dl), Gross impairment (0.100-0.249
mg/dl), Alcohol toxicity (>=0.250mg/dl) (McDonald Center for Student Well-Being).
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Statistical analysis
Frequencies and percentages were used to describe the univariate analysis of
the variables. Bivariate analysis was used to find the unadjusted measures of
association and the 95% confidence intervals using the chi-square test. Factors were
considered as confounders if they were associated with both the exposure and the
outcome in the bivariate analysis and their p-value was less than 0.05. The unadjusted
and adjusted odds ratios and the 95% confidence intervals were used to examine the
association between having an alcohol related violent deaths, an alcohol related
suicides, an alcohol related homicides, and the residence alcohol sale status. To control
for the county effects, a multilevel logistic regression model was used to assess which
risk factors were statistically significantly associated with having alcohol related violent
deaths, alcohol related suicides, and alcohol related homicides. All violent death models
were adjusted for alcohol problem, mental health problem, physical health problem,
marital status, and population. The factors were selected to remain in the final model if
they had a p-value less than 0.0001 in a fully saturated model. The fully saturated
models were adjusted for alcohol problem, age, mental health problem, physical health
problem, manner of death, substance abuse, education level, population, presence of
other drugs in the blood at the time of death, marital status, and incident years. These
factors were associated with both the exposure and the outcome with P-value less than
0.05 using the chi square test of independence. Interaction by population density was
not statistically significant and was removed from the final model. Suicides model was
adjusted for mental health problem, physical health problem, and marital status. The
factors were selected using the same methodology used to select confounders for all
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violent deaths. The final model for homicides was adjusted for education level, sex, and
population. The fully saturated model for homicides included age, education level, sex,
and population. The fully saturated model and the final model were formed using the
same methodology mentioned above.
Proc glimmix was used to fit the multilevel logistic regression model with binary
distribution, log link function, and the residence county as a random intercept.
For mapping and spatial analysis, rates of suicides in each county were
calculated by dividing the total number of suicides by the 2010 population and multiplied
by 100,000. Rates of alcohol related suicides were calculated by dividing the number of
suicide decedents who tested positive for alcohol by the total number of the tested
decedents and multiplied by 100. Similar methods were used to calculate rates of
homicide, alcohol related homicides, and alcohol untested homicides. Tests of spatial
dependence among the rates of alcohol related violent deaths, alcohol related suicides,
alcohol related homicides) were conducted using the Global Moran’s I and Getis-Ord
General G statistics (Spatial Autocorrelation and Hot Spot Analysis tools, respectively,
in ArcGIS). Global Moran’s I is a global test statistics for spatial autocorrelation that is
based on cross-products for measuring attribute association. The value of Global
Moran’s I varies between -1 and 1. A higher positive Moran’s I indicates that values in
neighboring locations tend to cluster, while a lower negative Moran’s I implies that
higher and lower values are interspersed. When Moran’s I is near 0, there is no spatial
clustering, meaning that the data are randomly distributed. The inverse distance
between two areas was selected as the conceptualization of spatial relationship,
implying that nearby neighboring features had a larger influence on the computation for
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a target feature than features farther away. Both Z-score and p-value were calculated to
evaluate the significance of Global Moran’s I. P-values lower than 0.05 was considered
statistically significant. Global Moran’s I was used to assess whether alcohol related
violent deaths, alcohol related suicides, and alcohol related homicides were spatially
clustered within wet counties. The Getis-Ord General G statistic provides an
assessment of whether high and the low values tend to cluster together spatially. The
null hypothesis for the High/Low Clustering (General G) statistic is that there is no
spatial clustering of feature values. If the z-score value is positive and the observed
General G index is larger than the expected General G index, then high values are
clustered. If the z-score value is negative and the observed General G index is smaller
than the expected index, then low values are clustered. The inverse distance
conceptualization of spatial relationship was used. Row standardization was used to
account for the skewed distribution of the data.
All statistical tests were one-sided with a significance level 0.05. Maps, cluster
analysis, and spatial statistics were done using ArcGIS 10.3. All remaining data were
analyzed using SAS version 9.4.
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CHAPTER 4
Results
From 2005 to 2012, there were 7,372 violent deaths reported to the KVDRS. Of
the total violent deaths, 64.7% were tested for alcohol, 13.2% were not tested for
alcohol, and 22.1% were coded as inapplicable for testing for alcohol. Higher
percentage of the violent deaths occurred in wet counties (N=3618, 49.1%) than
moist/dry counties (N=3262, 44.2%). A higher percentage of violent death decedents
were tested for alcohol in wet counties (N=2586, 71.5%) than in moist/dry counties
(N=1881, 57.7%). Of those who had missing residence county (492, 6.7%), 60.8% were
tested for alcohol. Chi square test of independence showed a statistically significant
association between the residence sale status and being tested for alcohol (pvalue<0.0001) as shown in Table (1).
Table (1): The alcohol testing status of violent death decedents by their residence
alcohol sale status.

Alcohol
tested
Alcohol
untested
Inapplicable
Total (n, %)

Total
N
4,766

%
64.7

Wet
N
2,586

%
71.5

Moist/Dry
N
%
1,881 57.7

Missing
N
%
299 60.8

977

13.2

379

10.5

518

15.9

80

1,629
7,372

22.1
100.0

653
3,618

18.0
49.1

863
3,262

26.4
44.2

113 23.0
492 6.7

P-value
<0.0001

16.3

Of the 7,372 violent death decedents, only 3,805 (51.6%) had complete data and were
included in the study, as shown in table (2).
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Table (2): Excluded data
Criteria
Unknown Alcohol result
Not applicable alcohol result
Not applicable alcohol level
Unknown Alcohol level
Missing county of injury sale
status
Missing county of residence
sale status
Missing weapon type
Missing marital status
Missing education level
Missing race
Missing age
Include
Total

N

%

1,611
1,224
51
127
175

21.9
16.6
0.7
1.7
2.4

204

2.8

40
17
100
11
7
3,805
7372

0.5
0.2
1.4
0.1
0.1
51.6
100.0

Tables (3-A) to (3-D) show the descriptive characteristics of all violent deaths
(N=3,805) in Kentucky from 2005 to 2012 by the decedent’s residence alcohol sale
status. There was a steady decline in the percentage of violent deaths from 2005 (538,
14.1%) to 2010 (297, 7.8%) followed by a slight increase until 2012; however, it
remained lower than it was in 2005. The majority of violent deaths occurred in wet
counties (2,422, 63.7%). Most of the violent deaths were suicides (2,422, 63.7%)
followed by homicides (944, 24.8%) and undetermined manner of death (413, 10.9%).
In addition, firearms were the most common weapon type (60.99%) followed by
poisoning (16.2%) and hanging (13.1%). The same pattern of weapon types can be
observed for both wet and dry/moist counties despite a slightly a lower percentage of
firearms in wet areas (56.9%) than in dry/moist areas (66.3%). Overall, most of violent
deaths (41%) occurred in counties with >100,000 individuals/county followed by
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counties with <=35, 0000 individuals/county (34.8%). Most of the violent deaths in wet
counties (66.1%) occurred in counties with >100,000 individuals/county whereas most
of violent deaths in dry/moist counties occurred in counties<=35,000 individuals/county
(63.6%) as shown in Table (3-A).
Table (3-B) shows that the majority of the violent death decedents were 41-50
years, white males, 9-12th graders , never married/single, and not residents of the
Appalachia. Table (3-C) shows that about 21.0% of the violent death decedents had
intimate partner problem as well as mental health problem. In addition, about 27.0% had
current depression and 12.0% had physical health problem. Only 9.0% had an
argument before the incident. Table (3-D) shows that nearly 13.0% had a substance
abuse problem and 9.3% had an alcohol problem. Moreover, nearly half of the violent
death decedents (1,978, 52%) were positive for other drugs in addition to alcohol at the
time of death.
Characteristics of violent deaths that occurred in wet and moist/dry counties
showed a similar pattern to the characteristics of the entire sample. Comparing the
characteristics of violent death decedents in wet counties to moist/ dry counties showed
that a higher percentage of the former were 41-50 years (23.8%), females (22.2%), 9th12th graders (47.2%), blacks (16.1%), never married/single (40.5%), and not residents
of the Appalachia (93.3%). In addition, a higher percentage of violent death decedents
in wet counties were having physical health problem (14.2%), argument before the
incident (9.8%), mental health problem (24.2%), current depression (29%), substance
abuse problem (15.4%), an alcohol problem (10.4%), other drugs (55.1%), and died via
homicide (26.0%) in comparison to violent death decedents in dry/moist counties.
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In contrast, a higher percentage of violent death decedents in dry/moist counties
were in age groups other than 41-50 years, males, whites, grades other than 9th-12th ,
married, residents of the Appalachia, and died via suicide. The factors that were also
statistically significantly associated with having an alcohol related violent death include
alcohol problem, age, mental health problem, physical health problem, manner of death,
substance abuse, education level, population, presence of other drugs in the blood at
the time of death, marital status, and incident years (results not shown). These factors
were adjusted for in the fully saturated model, however, only those who were
statistically significant at p-value <0.0001 were selected to remain in the final model.
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Table 3-A: The Frequency and Percentage of Violent Deaths in Kentucky by
Decedent’s Residence Alcohol Sale Status from 2005 to 2012.
Total
Wet
Moist/Dry
Characteristic
N
%
N
%
N
%
P-value
Total (n, %)
3,805 100.0 2,198 57.8
1,607 42.2
Year
<0.0001
2005
538
14.1 278
12.7
260
16.2
2006
521
13.7 279
12.7
242
15.1
2007
605
15.9 333
15.1
272
16.9
2008
562
14.8 308
14.0
254
15.8
2009
346
9.1
222
10.1
124
7.7
2010
297
7.8
182
8.3
115
7.2
2011
511
13.4 304
13.8
207
12.9
2012
425
11.2 292
13.3
133
8.3
Manner of Death
<0.0001
Suicide
2,422 63.7 1,348 61.3
1,074 66.8
Homicide
944
24.8 572
26.0
372
23.2
Homicide followed by
26
0.7
9
0.4
17
1.1
suicide
Undetermined/others
413
10.9 269
12.2
144
9.0
Weapon Type
<0.0001
Firearm
2,316 60.9 1,250 56.9
1,066 66.3
Poisoning
615
16.2 420
19.1
195
12.1
Hanging
499
13.1 302
13.7
197
12.3
Sharp object
154
4.1
91
4.1
63
3.9
All others
221
5.8
135
6.1
86
5.4
Population number of
<0.0001
residence county
<= 35,000
1,323 34.8 301
13.7
1,022 63.6
35,000-100,000
921
24.2 444
20.2
477
29.7
>100,000
1,561 41.0 1,453 66.1
108
6.7
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Table 3-B: Demographic Characteristics of Violent Deaths in Kentucky by
Decedent’s Residence Alcohol Sale Status from 2005-2012.
Total
Wet
Moist/Dry
Characteristic
N
%
N
%
N
%
P-value
Total (n, %)
3,805 100.0 2,198 57.8 1,607 42.2
Age groups
0.0003
11-21 years
329
8.7
205
9.3
124
7.7
21-30 years
716
18.8
452
20.6 264
16.4
31-40 years
733
19.3
400
18.2 333
20.7
41-50 years
885
23.3
522
23.8 363
22.6
51-60 years
629
16.5
355
16.2 274
17.1
61+ years
513
13.5
264
12.0 248
15.5
Sex
0.5
Male
2,945 77.4
1,709 77.8 1,236 81.4
Female
860
22.6
489
22.2 371
18.6
Education Level
<0.0001
8th grade
463
12.2
204
9.3
259
16.1
9th-12th
1,743 45.8
1,037 47.2 706
43.9
High School Grade
995
26.2
547
24.9 448
27.9
Above High School
604
15.8
410
18.7 194
12.1
Race
<0.0001
Black/others
420
11.0
367
16.7 53
3.3
White
3,385 89.0
1,831 83.3 1,554 96.7
Marital Status
<0.0001
Married
1,244 32.7
634
28.8 610
38.0
Never Married/Single
1,323 34.8
889
40.5 434
27.0
Widowed
211
5.6
114
5.2
97
6.0
Divorced/Separated
1,027 27.0
561
25.5 466
29.0
Appalachia
<0.0001
Appalachia
1,026 27.0
147
6.7
879
54.7
Not Appalachia
2,779 73.0
2,051 93.3 728
45.3
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Table 3-C: Frequency and Percentages of Life Stressors of Violent Deaths in
Kentucky by Decedent’s Residence Alcohol Sale Status from 2005-2012.
Total
Wet
Moist/Dry
Characteristic
N
%
N
%
N
%
P-value
Total (n, %)
3,805 100.0 2,198 57.8 1,607 42.2
Intimate Partner Problem
0.7
Present
596
21.0
348
15.8 248
15.4
Not Present
3,209 79.0
1,850 84.2 1,359 84.6
Physical Health Problem
0.0002
Present
475
12.5
312
14.2 163
10.1
Not Present
3,330 87.5
1,886 85.8 1,444 89.9
Argument before the incident
0.002
Present
329
8.7
216
9.8
113
7.0
Not Present
3,476 91.4
1,982 90.2 1,494 93.0
Mental Health Problem
<0.0001
Present
800
21.0
531
24.2 269
16.7
Not Present
3,005 79.0
1,667 75.8 1,338 83.3
Current Depression
0.002
Present
1,036 27.2
641
29.2 395
24.6
Not Present
2,769 72.8
1,557 70.8 1,212 75.4
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Table 3-D: Frequency and Percentages of Substance and Alcohol Abuse of
Violent Deaths in Kentucky by Decedent’s Residence Alcohol Sale Status from
2005-2012.
Total
Wet
Moist/Dry
Characteristic
N
%
N
%
N
%
P-value
Total (n, %)
3,805 100.0 2,198 57.8 1,607 42.2
Substance Abuse
<0.0001
Present
490
12.9 339
15.4 151
9.4
Not Present
3,315 87.1 1,859 84.6 1,456 90.6
Alcohol Problem
0.004
Present
353
9.3
229
10.4 124
7.7
Not Present
3,452 90.7 1,969 89.6 1,483 92.3
Presence of other drugs
<0.0001
Present
1,978 52.0 1,212 55.1 766
47.7
Not Present
160
4.2
104
4.7
56
3.5
Inapplicable/Unknown 1,667 43.8 882
40.1 785
48.9
Alcohol effect
0.5
Not present
2,535 66.6 1,444 65.7 1,091 67.9
No effect (<0.039
151
4.0
95
4.3
56
3.5
mg/dl)
Mild impairment
312
8.2
189
8.6
123
7.7
(0.040-0.099 mg/dl)
Gross impairment
630
16.6 365
16.6 265
16.5
(0.100-0.249 mg/dl)
Alcohol Toxicity
177
4.7
105
4.8
72
4.5
(>=0.250 mg /dl)
Tables (4-A) to (4-D) show the descriptive characteristics of the 2,422 suicides
that occurred in Kentucky between 2005 and 2012. In addition, they show the
descriptive characteristics of the suicide decedents by their residence alcohol sale
status. Overall, approximately 55% of the suicides occurred in wet counties. The
majority of suicide decedents died via firearm (62.7%). Furthermore, they were more
likely to be residents of counties with population <35,000 individuals/county.
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A higher percentage of the suicide decedents who were residents of wet counties
were 41-50 years (25.5%), black/others (5.0%), females (20.2%), never married/single
(32.3%), with above high school grade (23.6%), and not residents of the Appalachia
(93.9%) than suicide decedents who were residents in dry/moist counties as shown in
Table (4-B).
With regard to life stressors, suicide decedents who were residents of wet
counties were more likely to have intimate partner problems (22.6%), physical health
problem (17.1%), argument before the incident (3.9%), mental health problem (34.6%),
and current depression (43.2%) than suicide decedents who were residents in dry/moist
counties as shown in Table (4-C). Similarly, they were more likely to have substance
abuse (16%), alcohol problem (12.6%), and other drugs in the blood (51.3%) than
suicide decedents who were residents in dry/moist counties as shown in Table (4-D). In
contrast, a higher percentage of suicide decedents who were resident of dry/moist
counties were in age groups other than 41-50 years, white, male, high school graders,
married, and residents of the Appalachia.
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Table 4-A: Frequency and Percentages of Suicides by Decedent’s Residence
Alcohol Sale Status in Kentucky from 2005-2012.
Total
Wet
Moist/Dry
Characteristic
N
%
N
%
N
%
P-value
Total (n, %)
2,422
100.0 1,348 55.7 1,071 44.3
Year
<0.0001
2005
351
14.5 175
13.0 176
16.4
2006
339
14.0 166
12.3 173
16.1
2007
385
15.9 200
14.8 185
17.2
2008
338
14.0 181
13.4 157
14.6
2009
216
8.9
133
9.9 83
7.7
2010
190
7.8
118
8.8 72
6.7
2011
337
13.9 194
14.4 143
13.3
2012
266
11.0 181
13.4 85
7.9
Weapon Type
<0.0001
Firearm
1,516
62.6 777
57.6 739
68.8
Poisoning
356
14.7 228
16.9 128
12.0
Hanging
440
18.4 276
20.6 169
15.7
Sharp object
39
1.6
23
1.7 16
1.5
All others
66
2.7
44
3.2 22
2.1
Population number of residence county
<0.0001
<= 35,000
868
35.8 201
14.9 667
62.1
35,000-100,000
646
26.7 314
23.3 332
31.9
>100,000
908
37.5 833
61.8 75
7.0
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Table 4-B: Characteristics of Suicide Decedents in Kentucky by Decedent’s
Residence Alcohol Sale Status from 2005-2012.
Total
Wet
Moist/Dry
Characteristic
N
%
N
%
N
%
P-value
Total (n, %)
2,422 100.0 1,348 55.7 1,074 44.3
age groups
0.4
11-21 years
155
6.4
89
6.6
66
6.1
21-30 years
401
16.5
224
16.6 177
16.5
31-40 years
457
18.9
237
17.6 220
20.5
41-50 years
586
24.2
344
25.5 242
22.6
51-60 years
439
18.1
240
17.8 199
18.5
61+ years
384
15.9
214
15.9 170
15.8
Sex
0.32
Male
1,950 80.5
1,075 79.8 875
81.5
Female
472
19.5
273
20.2 199
18.5
Education Level
<0.0001
8th grade
253
10.4
111
8.2
142
13.2
9th-12th
1,044 43.1
568
42.1 476
44.3
High School Grade 673
27.8
355
26.3 318
29.6
Above High School 452
18.7
314
23.3 138
12.9
Race
<0.0001
Black/others
90
3.7
73
5.4
17
1.6
White
2,332 96.3
1,275 94.6 1,057 98.4
Marital Status
0.0002
Married
886
36.6
450
33.4 436
40.6
Never
706
29.1
435
32.3 271
25.2
Married/Single
Widowed
149
6.1
89
6.6
60
5.6
Divorced/Separated 681
28.1
374
27.7 307
28.6
Appalachia
<0.0001
Appalachia
614
25.3
81
6.0
533
49.6
Not Appalachia
1,808 74.7
1,267 94.0 541
50.4
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Table 4-C: Frequency and Percentages of Life Stressors of Suicide Decedents
in Kentucky by Decedent’s Residence Alcohol Sale Status from 2005-2012.
Total
Wet
Moist/Dry
Characteristic
N
%
N
%
N
%
P-value
Total (n, %)
2,422
100.0 1,348 55.7 1,074 44.3
Intimate Partner Problem
0.04
Present
507
20.9 303
22.5 204
19.0
Not Present
1,915
79.1 1,045 77.5 870
81.0
Physical Health Problem
0.02
Present
375
15.5 229
17.0 146
13.6
Not Present
2,047
84.5 1,119 83.0 928
86.4
Argument before the incident
0.01
Present
77
3.2
54
4.0 23
2.1
Not Present
2,345
96.8 1,294 96.0 1,051 97.9
Mental Health Problem
<0.0001
Present
728
30.1 467
34.6 261
24.3
Not Present
1,694
69.9 881
65.4 813
75.7
Current Depression
<0.0001
Present
968
40.0 583
43.2 385
35.9
Not Present
1,454
60.0 765
56.8 689
64.1
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Table 4-D: Frequency and Percentages of Substance and Alcohol Abuse of
Suicide Decedents in Kentucky by Decedent’s Residence Alcohol Sale Status
from 2005-2012.
Total
Wet
Moist/Dry
Characteristic
N
%
N
%
N
%
P-value
Total (n, %)
2,422 100.0 1,348 55.7 1,074 44.3
Substance Abuse
0.001
Present
337
13.9 215
16.0 122
11.4
Not Present
2,085 86.1 1,133 84.0 952
88.6
Alcohol Problem
0.08
Present
281
11.6 170
12.6 111
10.3
Not Present
2,141 88.4 1,178 87.4 963
89.7
Presence of other drugs
0.0007
Present
1,183 48.8 691
51.3 492
45.8
Not Present
105
4.3
69
5.1 36
3.3
Inapplicable/Unknown 1,134 46.8 588
43.6 546
50.8
Alcohol effect
0.5
Not present
1,576 65.1 859
63.7 717
67.8
No effect (<0.039
96
4.0
54
4.0 42
3.9
mg/dl)
Mild impairment
204
8.4
123
9.1 81
7.5
(0.040-0.099 mg/dl)
Gross impairment
429
17.7 244
18.1 185
17.2
(0.100-0.249 mg/dl)
Alcohol Toxicity
117
4.8
68
5.0 49
4.6
(>=0.250 mg /dl)

Table (5-A) shows that of the 944 homicides that occurred between 2005 and
2012 in Kentucky, 60.6% were residents in wet areas. A higher percentage of homicide
victims who were residents of wet counties were less than 30 years (48.8%), black
(48.6%), male (79.6%), 9th-12th graders (58.6%), never married/ single (62.2%), not
residents in Appalachia (93.3%) than homicide victims who were residents in moist/dry
counties (Table 5-B). Regarding life stressors, a higher percentage of homicide victims
in wet counties had an argument before the incident (26.9%), mental health problems
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(1.0%), substance abuse problems (3.5%), having other drugs in their blood at the time
of the incident (53.5%), and died via firearm (73.8%). Finally, a higher percentage of
homicide victims who were residents of wet counties were also residents of counties
with a population more than 100,000. In contrast, those who were residents of moist/dry
counties were mostly from counties that had population lower than 35,000 residents.
In contrast, homicide victims who were residents of moist/dry counties tend to be
older than 30 years. In addition, a higher percentage of them were white (92.2%),
female (32.0%), been in a relationship before, and residents of the Appalachia (54.7%).
With regard to life stressors, a higher percentage of homicide victims from moist/dry
counties had intimate partner problems (7.3%) or died via methods other than firearm in
comparison to homicide victims from wet counties.
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Table 5-A: Frequency and Percentages of Homicide Victims by Decedent’s
Residence Alcohol Sale Status in Kentucky from 2005-2012.
Total
Wet
Moist/Dry
Characteristic
N
%
N
%
N
%
P-value
Total
944
100.0 572
60.6 372 39.4
Year
0.08
2005
148
15.7 78
13.6 70
18.8
2006
122
12.9 70
12.2 52
14.0
2007
149
15.9 90
15.7 59
15.9
2008
154
16.3 87
15.2 67
18.0
2009
80
8.5
50
8.7
30
8.1
2010
79
8.4
51
8.9
28
7.5
2011
111
11.8 74
12.9 37
10.0
2012
101
10.7 72
12.6 29
7.8
Weapon Type
0.04
Firearm
668
70.8 422
73.8 246 66.1
Poisoning
10
1.0
3
0.5
7
1.9
Hanging
41
4.3
21
3.7
20
5.4
Sharp object
113
12.0 66
11.5 47
12.6
All others
112
11.9 60
10.5 52
14.0
Population number of residence county
<0.0001
<= 35,000
316
33.5 65
11.4 251 67.5
35,000-100,000
179
19.0 82
14.3 97
26.1
>100,000
449
47.6 425
74.3 24
6.5
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Table 5-B: Characteristics of Homicide Victims in Kentucky by Decedent’s
Residence Alcohol Sale Status from 2005-2012.
Total
Wet
Moist/Dry
Characteristic
N
%
N
%
N
%
P-value
Total
944
100.0 572
60.6 372 39.4
age groups
<0.0001
11-21 years
128
13.6 97
17.0 31
8.3
21-30 years
246
26.1 182
31.8 64
17.2
31-40 years
188
19.9 105
18.4 83
22.3
41-50 years
174
18.4 97
17.0 77
20.7
51-60 years
119
12.6 58
10.1 61
16.4
61+ years
89
9.4
33
5.8
56
15.1
Sex
<0.0001
Male
708
75.0 455
79.6 253 68.0
Female
236
25.0 117
20.5 119 32.0
Education Level
<0.0001
8th grade
156
16.5 68
11.9 88
23.7
9th-12th
492
52.1 335
58.6 157 42.2
High School Grade
209
22.1 114
19.9 95
25.5
Above High School
87
9.2
55
9.6
32
8.6
Race
<0.0001
Black
314
33.3 285
49.9 29
7.8
White
630
66.7 287
50.1 343 92.2
Marital Status
<0.0001
Married
230
24.4 112
19.6 118 31.7
Never Married/Single
466
49.4 356
62.2 110 29.6
Widowed
43
4.6
14
2.5
29
7.8
Divorced/Separated
205
21.7 90
15.7 115 30.9
Appalachia
<0.0001
Appalachia
1,026 27.0 147
6.7
879 54.7
Not Appalachia
2,779 73.0 2,051 93.3 728 45.3
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Table 5-C: Frequency and Percentages of Life Stressors of Homicide Victims in
Kentucky by Decedent’s Residence Alcohol Sale Status from 2005-2012.
Total
Wet
Moist/Dry
Characteristic
N
%
N
%
N
%
P-value
Total
944
100.0 572
60.6 372 39.4
Intimate Partner Problem
0.03
Present
50
5.3
23
4.0
27
7.3
Not Present
894
94.7 549
96.0 345 92.7
Physical Health Problem
0.76*
Present
2
0.2
1
0.2
1
0.3
Not Present
942
99.8 571
99.8 371 99.7
Argument before the incident
0.26
Present
242
25.6 154
26.9 88
23.7
Not Present
702
74.4 418
73.1 284 76.3
Mental Health Problem
0.4*
Present
8
0.9
6
1.0
2
0.5
Not Present
936
99.1 566
99.0 370 99.5
Current Depression
0.76*
Present
2
0.2
1
0.2
1
0.3
Not Present
942
99.8 571
99.8 371 99.7
*P-value based on Fisher’s Exact test.
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Table 5-D: Frequency and Percentages of Substance and Alcohol Abuse of
Homicide Victims in Kentucky by Decedent’s Residence Alcohol Sale Status
from 2005-2012.
Total
Wet
Moist/Dry
Characteristic
N
%
N
%
N
%
P-value
Total
944
100.0 572
60.6 372 39.4
Substance Abuse
0.15
Present
27
2.9
20
3.5
7
1.9
Not Present
917
97.1 552
96.5 365 98.1
Alcohol Problem
0.63*
Present
15
1.6
10
1.8
5
1.3
Not Present
929
98.4 562
98.3 367 98.7
Presence of other drugs
0.43
Present
490
51.9 306
53.5 184 49.5
Not Present
32
3.4
20
3.5
12
3.2
Inapplicable/Unknown
422
44.7 246
43.0 176 47.3
Alcohol effect
0.21
Not present
634
67.2 383
67.0 251 67.5
No effect (<0.039
40
4.2
31
5.4
9
2.4
mg/dl)
Mild impairment (0.040- 76
8.1
47
8.2
29
7.8
0.099 mg/dl)
Gross impairment
154
16.3 89
15.6 65
17.5
(0.100-0.249 mg/dl)
Alcohol Toxicity
40
4.2
22
3.9
18
4.8
(>=0.250 mg /dl)
*P-value based on Fisher’s Exact test.

Table (6) shows the unadjusted odds ratio, the adjusted odds ratio, and the 95%
confidence interval of the association between residence in wet areas and having
alcohol related violent deaths, suicides, and homicides. The descriptive statistics
showed that 34.3% of violent death decedents who were residents in wet counties had
alcohol related violent deaths compared to 32.1% of those who were residents in moist
dry counties. Residence in wet counties was associated with a statistically not
significant 13% increase in the unadjusted odds (OR=1.13, 95%=0.96-1.35). However,
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after adjusting for alcohol problem, mental health problem, physical health problem,
marital status, and population, residence in wet counties was associated with a 25%
increase in the odds of having alcohol related violent death (aOR=1.25, 95%CI= 1.021.53). The association between residence in wet counties and suicides showed a similar
pattern after adjusting for mental health problem, physical health problem, and marital
status.
In contrast, residence in wet counties was associated with a statistically not
significant 20% increase in the unadjusted odds of having alcohol related homicides
(OR=1.20, 95%CI=0.81-1.77). Adjusting for education level, sex, and population did not
change the effect estimate significantly. Interaction by population in each model was not
statistically significant and was removed from the final models
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Table(6): The unadjusted and adjusted odds ratio and 95% confidence interval of the association between residence in
wet counties and having alcohol related violent deaths
Alcohol Related

Alcohol unrelated

Unadjusted OR,
95% CI

Adjusted OR,
95%CI*

one sided
P-value

N

%

N

%

All violent deaths
(n=3,805)

1,270

33.4

2,535

66.6

Wet (n=2,198 )

754

34.3

1,444

65.7

1.13 (0.96-1.35)

1.25 (1.02-1.53)

0.01

Moist/Dry (n= 1,607 )

516

32.1

1,091

67.9

Ref

Ref

Suicides (n= 2,422)

846

39.9

1,576

65.1

Wet (n=1,348, 55.7%)

489

36.3

859

63.7

1.14 (0.96-1.36)

1.22 (1.00-1.51)

Moist/Dry (n= 1,074,
44.3%)

357

33.2

717

66.8

Ref

Ref

Homicides (n= 944 )

310

32.8

634

67.2

Wet (n= 572 )

189

33.0

383

67.0

1.20 (0.81-1.77)

1.33 (0.83-2.12)

Moist/Dry (n= 372 )

121

32.5

251

67.5

Ref

Ref

0.04

0.11

*All violent deaths model was adjusted for alcohol problem, mental health problem, physical health problem, marital
status, and population. The factors were selected to remain in the final model if they have a p-value less than 0.0001 in a
fully saturated model that had all confounders. The fully saturated model was adjusted for alcohol problem, age, mental
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health problem, physical health problem, manner of death, substance abuse, education level, population, presence of
other drugs in the blood at the time of death, marital status, and incident years. These factors were associated with both
the exposure and the outcome with P-value less than 0.05 using chi square test of independence. Interaction by
population density was not statistically significant and was removed from the final model. Suicides model was adjusted
for mental health problem, physical health problem, marital status, and population. The factors were selected using the
same methodology used to select confounders for all violent deaths. The final model for homicides was adjusted for
education level, sex, and population. The fully saturated model for homicides included age, education level, sex, and
population. The fully saturated model and the final model were formed using the same methodology mentioned above.

Figure 1-A shows the alcohol Sale status of Kentucky counties. Dry counties include, but not limited to Bath, Menifee,
Fleming, Cumberland, and Monroe. Wet counties include, but not limited to Harrison, Nicholas, Bourbon, Bullitt, and
Nelson. Those counties are the same counties where clusters of high suicides, high alcohol related suicides, low
suicides, low alcohol related suicides were detected on spatial analysis, which will be mentioned later. Figure 1-B shows
the Appalachia counties of Kentucky.
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Table 7: Suicide Rates per 100,0000 population by county size and alcohol sale status
Population
Sale
Count of
Population
Total Suicides Tested
Suicide
size
status counties
2010
Suicides
Rates
/100,000
pop.

Tested Suicides
Rates/100
Suicides

<35,000

Wet

21

320,845

407

233

126.9

57.2

Moist

31

635,927

834

445

131.1

53.4

Dry

37

497,246

634

294

127.5

46.4

89

1,454,018

1,875

972

129.0

51.8

Wet

10

624,555

740

402

118.5

54.3

Moist

15

754,422

790

392

104.7

49.6

25

1,378,977

1,530

794

111.0

51.9

Wet

4

1,295,754

1,317

947

101.6

71.9

Moist

2

210,722

254

96

120.5

37.8

Total

6

1,506,476

1,571

1,043

104.3

66.4

Total

120

4,339,471

4,976

2,809

114.7

56.4

Total
35,000100,000
Total
>100,000
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Table 8: Homicide rates per 100,000 population by county size and alcohol sale status
Population Sale
Count of
size
status counties

Population
2010

Total
Homicides

Tested

Homicide
Tested
Rates/100,000 homicides
rates/100
homicides

<35,000

Wet

21

320,845

114

75

35.5

65.8

Moist

31

635,927

180

127

28.3

70.6

Dry

37

497,246

199

142

40.0

71.4

89

1,454,018

493

344

33.9

69.8

Wet

10

624,555

159

106

25.5

66.7

Moist

15

754,422

195

136

25.8

69.7

25

1,378,977

354

242

25.7

68.4

Wet

4

1,295,754

710

528

54.8

74.4

Moist

2

210,722

53

30

25.1

56.6

Total

6

1,506,476

763

558

50.7

73.1

Grand
Total

120

4,339,471

1,610

1,144

37.1

71.1

Total
35,000100,000

Total
>100,000
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Figure 1-A: Alcohol Sale Status of Kentucky Counties
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Figure 1-B Appalachian Region in Kentucky
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Figure 2 Suicide rates per 100,000 in Kentucky, 2005-2012

58

Figure 3 Rates of alcohol testing per 100 suicides

59

As shown in Figure 2, there were three counties where no suicide cases were reported from 2005 to 2012. These
counties were Campbell (wet), Laurel (moist), and Green (moist). The spatial pattern of suicide rates was not statistically
significant at the 0.05 level (Moran’s index=0.1, p-value=0.1) indicating random pattern, however, it is statistically
significant at the 10% of statistical significance as shown in Figure 4. However, Getis-Ord General G statistic was
statistically significant indicating clustering of high suicide rates (Figure 5).
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Figure 4 Spatial autocorrelation statistics of suicides in Kentucky, 2005-2012
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Figure 5 High-Low Clustering Report (Getis-ord General Gi) of suicides in Kentucky, 2005-2012
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Figure 6 Cluster and Outlier Analysis of Suicide Rates in Kentucky, 2005-2012
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Figure 6 shows results from cluster and outlier analysis. There are clusters of high suicide rates in Cumberland, Bath,
Montgomery, and Menifee counties, which are dry counties. These clusters of high suicide rates are also surrounded by
counties with high suicide rates. On the other hand, results from the hot spot analysis shows that there is a statistically
significant clusters of high suicide rates in Montgomery (dry), Cumberland (dry), and Grayson (moist) counties.
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Figure 7 Hot Spot Analysis of Suicide Rates in Kentucky, 2005-2012
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Figure 8 Alcohol Related Suicide Rates in Kentucky, 2005-2012
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Figures 8 shows the rates of alcohol related suicides in Kentucky from 2005 to 2012. Spatial autocorrelation statistic
showed that the pattern of the alcohol-related suicide rates was not statistically significant (Moran’s Index=-0.08, pvalue=0.2) as shown in Figure 9. Similarly, the high-low clustering analysis showed that the clustering pattern was not
statistically significant (General G=0.008, p-value= 0.2) as shown in Figures 10 and 11. In contrast, the Hot spot analysis
shows that counties with high rates of alcohol related suicides are Mason (wet), Rowan (moist), Wolfe (wet), and Trigg
(wet) as displayed in Figure 12.

67

Figure 9 Spatial Autocorrelation of Alcohol-Related Suicides in Kentucky, 2005-2012
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Figure 10 High-Low Clustering Report of Alcohol-Related Suicides in Kentucky, 2005-2012
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Figure 11 Cluster And Outlier Analysis of Alcohol-Related Suicides in Kentucky, 2005-2012

70

Figure 12 Hot Spot Analysis (Getis-Ord Gi*) of Alcohol Related Suicide Rates in Kentucky, 2005-2012
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Figure 13 Homicide Rates in Kentucky, 2005-2012
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As shown in Figures 13 and 14, there was a statistically significant clustering of homicides in the Appalachian counties
(Moran’s Index=0.3, p-value=<0.0001; General G=0.0097, p-value=<0.0001). In addition, there were no homicides
reported in the following counties: Boone, Campbell, Carroll, Green, Laurel, and Trimble.
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Figure 14 Spatial Autocorrelation of Homicide Rates in Kentucky, 2005-2012
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Figure 15 High-Low Clustering Report of Homicide Rates in Kentucky, 2005-2012
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Figure 16 Cluster and Outlier Analysis of Homicide Rates in Kentucky, 2005-2012
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Figures 15 and 16 shows that the clusters and the hot spots of high homicide rates are in the following counties: Bourbon
(wet), Montgomery (moist), Menifee (dry), Powell (dry), Estill (dry), Wolfe (wet), Lee (dry), Owsley (wet), Breathitt (dry),
and Cumberland (dry). Most of the aforementioned counties are in the Appalachia.
In contrast, Figures 19 to 23 shows that there is a statistically not significant clustering of alcohol-related homicides in the
following counties: Pendleton, Bracken, Harrison, and Robertson (Moran’s Index=0.1, p-value=0.07). However, there is a
statistically significant hot spots as indicated by the results of the high low clustering report (General G=0.009, pvalue=0.03).
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Figure 17 Hot Spot Analysis of Homicide Rates in Kentucky, 2005-2012
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Figure 18 Rates of alcohol testing per 100 homicides
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Figure 19 Alcohol-Related Homicide Rates in Kentucky, 2005-2012
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Figure 20 Spatial Autocorrelation of Alcohol-Related Homicide Rates in Kentucky, 2005-2012
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Figure 21 High-Low Clustering of Alcohol-Related Homicide Rates in Kentucky, 2005-2012
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Figure 22 Cluster and Outlier Analysis of Alcohol-Related Homicides in Kentucky, 2005-2012
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Figure 23 Hot Spot Analysis of Alcohol-Related Homicide Rates in Kentucky, 2005-2012
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Table 9: Summary of the spatial statistics and maps
Measure

Spatial
Autocorrelation

High-Low
Clustering Report

Clusters and outliers

Hot Spot Analysis

Moran’s
Index

P-value

General
G

P-value

1-Suicide
Rates

0.10

0.098

0.008

0.03

Dry: Bath, Menifee, Cumberland
Moist: Montgomery

Dry: Cumberland
Moist: Montgomery,
Grayson

2-Alcoholrelated
Suicide
Rates

-0.08

0.2

0.008

0.2

Dry: Cumberland
Wet: Bullitt

Moist: Rowan
Wet: Mason, Wolfe, Trigg

3Homicide
Rates

0.3

<0.0001

0.009

<0.0001

Wet: Nicholas, Bourbon, Wolfe,
Owsley
Moist: Montgomery
Dry: Menifee, Powell, Estill, Lee,
Breathitt

Wet: Owsley
Moist: Montgomery

4-Alcoholrelated
Homicide
Rates

0.2

0.06

0.009

0.03

Dry: Robertson, Monroe
Moist: Pendleton
Wet: Bracken, Magoffin

Wet: Bracken, Magoffin
Moist: Pendleton,
Edmonson
Dry: Robertson, Bath,
Cumberland, Crittenden,
Hickman
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CHAPTER 5
Implications for public health
The aim of the current study is to answer the following research question:
“Is being a resident of a wet county associated with increased odds of having an
alcohol related violent death (suicide and homicide victimization)?” This study is
the first study of the association between the alcohol sale status of the violent
death decedents’ residence and alcohol related violent deaths. This research
adds to the current literature by studying the association between residence in
wet counties and having an alcohol related violent death at the individual level
while adjusting for individual and county level factors using multilevel modeling
(Gmel et al., 2015). In addition, this study also uses the spatial statistics
approach to detect whether there is a clustering of alcohol related violent deaths
among residents of wet counties in Kentucky (Gmel et al., 2015). The underlying
theory is that living in wet areas where alcohol sales are allowable on- and offpremise may create an environment that encourage drinking and promotes its
associated harms (Livingston, Chikritzhs, & Room, 2007).
In this study, alcohol is present in 33.4% of all violent deaths, 34.4% of
suicides, and 32.8% of homicides. Higher percentage of suicide (35.4%) and
homicide (33.0%) decedents who reside in wet counties are positive for alcohol
in comparison to suicide (33.1%) and homicide (32.5%) decedents who reside in
moist/dry counties. These percentages are similar to those from other studies
examining the role of alcohol in the lethality of suicide attempts (Roizen J. , 1993;
Sher et al., 2009) and homicide victimization (Chermack, Bohnert, Price, Austin,
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& Ilgen, 2012; Kuhns & Maguire, 2012; Kuhns et al., 2011). In addition, we found
that violent death decedents whose residences were in wet counties had a
statistically significant higher odds of having an alcohol related violent death
(aOR=1.25,

95%CI=1.02-1.53)

and

alcohol

related

suicide

(aOR=1.22,

95%CI=1.00-1.51) in comparison to residents of moist/dry counties, after
adjusting for potential confounders and population count. Despite the fact that
results from the multilevel modeling showed an increased odds of having alcohol
related violent deaths and alcohol related suicides among residents of wet
counties, however, results from spatial analysis showed clusters of alcohol
related suicides in moist and wet, clusters of alcohol related homicides in a
mixture of wet, moist, and dry counties. In fact, for alcohol related homicides,
clusters were mostly in dry counties.
Furthermore, hot spot analysis of alcohol related suicides shows clustering
of alcohol related suicides in specific counties: Mason, Rowan, Wolfe, and Trigg.
However, results from the spatial analysis are not adjusted for potential
confounders, such as, mental health problem, physical health problem, sex,
educational level, alcohol problem, and marital status. Moreover, the spatial
analysis is not adjusted for county level factors, such as, unemployment rates
and economic status. We also found that having a physical health problem and
being in any kind of a relationship other than married were both significant
confounders of having an alcohol related suicide, whereas having a mental
illness was associated with reduced odds of having an alcohol related suicide
(results not shown).
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This research does not aim to establish causality. Nevertheless, these
findings may indicate that widespread alcohol sales may foster an environment
supportive of alcohol related suicides. On the other hand, alcohol-restricting
policies may have a role in limiting alcohol related suicides. However, alcoholrestricting policies need to be accompanied by efforts at other social
determinants of alcohol production and consumption in order to avoid backfire
consequences, such as, illegal trading of alcohol (Wayne, 2010). In addition, our
finding of reduced odds of alcohol related suicides among those with mental
illness suggest the need to focus on other venues of prevention of suicide for the
mentally ill, such as, reducing access to firearms and providing health care
(Calear et al., 2015; Kibusi et al., 2013; Vasiliadis, Lesage, Latimer, & Seguin,
2014; Weinberger et al., 2015).
While no other study has used the same proxy measure of alcohol
exposure, a few studies used other proxies for alcohol exposure and violent
deaths, which might be comparable to our findings. For example, our findings are
similar to findings from prior studies of the association between acute alcohol
consumption and suicide rates (Kaplan MS et al., 2014), limited alcohol sale
hours and suicide rates (Pridemore & Snowden, 2009), alcohol consumption due
to economic recession and suicide rates (Kaplan MS et al., 2015), alcohol outlet
density and violence (Cameron, Cochrane, Gordon, & Livingston, 2015), alcohol
outlet density and alcohol related suicides (Giesbrecht et al., 2015), and heavy
drinking and suicide mortality (Pridemore & Chamlin, 2006).
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We also found a 33% increase in the odds of being an alcohol related
homicide victim among residents of wet counties compared to residents of
moist/dry counties (aOR=1.33, 95%CI=0.83-2.12) after adjusting for education
level, sex, and population, however, the association was not statistically
significant. We also found that as the education level increase, the odds of being
an alcohol related homicide victim increase in comparison to 8 th grade. In
addition, males have three times the odds of being an alcohol related homicide
victim compared to females (results not shown). Furthermore, spatial analysis
showed clustering of homicides in the Appalachian region as well as clustering of
alcohol related homicides in counties of the Appalachian region and nearby
counties, which were a mixture of wet, moist, and dry counties. Again, results
from the spatial analysis were not adjusted for confounders. These findings
combined may indicate that residents of wet counties were exposed to the
negative social effects of alcohol that was reflected in high homicide rates and, in
particular, alcohol related homicide victimization. In addition, clusters in dry
counties may suggest that the alcohol restriction policy is achieving what it
should achieve. In fact, it may suggest that alcohol banning may have resulted in
other illegal ways of obtaining alcohol and therefore increasing the odds of
alcohol related victimization.
There are no prior studies of the association between the sale status of
the decedent’s residence and having an alcohol related homicide victimization to
which we can compare our findings. However, results from this study adds to the
existing literature of studies of aggregate alcohol consumption and homicide
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rates (Mann, Zalcman, Smart, Rush, & Suurvali, 2006; Norstrom et al., 2010;
Pridemore & Chamlin, 2006; Ramstedt, 2011; Wolf, Gray, & Fazel, 2014), alcohol
sales and homicides rates (Norstrom, 2011a, 2011b), density of alcohol outlets
and youth homicides (Parker RN et al., 2011), and extended hours of sales and
consumption of alcohol with increasing homicide rates (Sanchez et al., 2011).
There is a global consensus that alcohol consumption is a major public
health problem and an important cause of preventable morbidity and mortality
(Rehm, Taylor, Roerecke, & Patra, 2007; Weizmann-Henelius et al., 2012).
Alcohol and its association with violent death is considered a public health
problem rather than individual problem because of the major impact of alcohol
attributable deaths (physical illness, injuries, and violence) on the communities
and their economy as will be explained in this section. Globally, alcoholattributable injuries were responsible for 9.7 deaths per 100,000 people (2.1
deaths per 100,000 women and 17.2 deaths per 100,000 men) and 422.6
potential years of life lost (PYLL) per 100,000 people (89.6 PYLL per 100,000
women and 750.0 PYLL per 100,000 men) in 2010 (Rehm et al., 2007).
Furthermore, alcohol-attributable injuries were responsible for 13.2 % of all injury
deaths and 12.6 % of all injury PYLL.105 In the US, the alcohol attributable
deaths rate range was 22.4 per 100,000 to 50.9 deaths per 100,000 and the
median age-adjusted YPLL rate range was 634 YPLL per 100,000 to 1,534 YPLL
per 100,000 during 2006-2010 (Gonzales et al., 2014). The rates of alcohol
attributable deaths and YPLL varied by age, sex, and race (Gonzales et al.,
2014). Another study of alcohol attributable morbidity and mortality in Chile
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estimated alcohol attributable mortality to be 9.8% (95% CI= 7.01% -12.98%) and
the alcohol attributable years of potential life lost to be 21.5% (95% CI= 18.1%25.0%) (Castillo-Carniglia et al., 2013).
Estimates predict that for every 0.35 litre increase in the total alcohol
consumption, there will be approximately a 9% increase in alcohol related
mortality, 1% increase in accidents, 1% increase in suicide, 4% increase in
homicide, 3% increase in assaults, and 4% increase in sickness absence
(Andreasson, Holder, Norstrom, Osterberg, & Rossow, 2006). A recent study that
used a geographically weighted regression to examine the relationship between
alcohol outlet density and violence as measured by police activity in New
Zealand found that each additional bar or nightclub was associated with nearly
5.3 additional violent events per year, and an additional licensed club associated
with 0.8 additional violent events per year (Cameron et al., 2015). Results from
other studies reported comparable findings (D. Mark Anderson et al., 2014;
Hobday, Chikritzhs, Liang, & Meuleners, 2015; Jennings et al., 2014; McKinney
et al., 2009).
Alcohol promotes violent behavior through increasing the tendency for
misunderstandings in interpersonal interactions (D. Mark Anderson et al., 2014;
Weizmann-Henelius et al., 2012). Alcohol availability may culture an environment
supportive of alcohol consumption and violence (Zinkiewicz et al., 2015).
Findings from this capstone fill the research gap and add to findings from prior
studies of the association between acute alcohol consumption and suicide rates
(Kaplan MS et al., 2014), limited alcohol sale hours and suicide rates (Pridemore
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& Snowden, 2009), alcohol consumption due to economic recession and suicide
rates (Kaplan MS et al., 2015), alcohol outlet density and violence (Cameron et
al., 2015), alcohol outlet density and alcohol related suicides (Giesbrecht et al.,
2015), and heavy drinking and suicide mortality (Pridemore & Chamlin, 2006).
Findings from spatial analysis in the current study showed clustering of
homicides and alcohol related homicides in the Appalachian region suggesting
the need of the violence prevention programs to focus on not only alcohol, but
also other risk factors of homicides in the Appalachian region, such as, economic
status. Results from this study adds to the existing studies of aggregate alcohol
consumption and homicide rates (Mann JJ & Kuehn BM, 2014; Norstrom et al.,
2010; Pridemore & Chamlin, 2006; Ramstedt, 2011; Wolf et al., 2014), alcohol
sales and homicides rates (Norstrom, 2011a, 2011b; Wolf et al., 2014), density of
alcohol outlets and youth homicides (Parker RN et al., 2011), and extended
hours of sales and consumption of alcohol with increasing homicide rates
(Sanchez et al., 2011).
Findings from this study could inform the social agencies, research
institutes, suicide prevention programs, law enforcement, violence surveillance
systems, the media, and public health programs to plan prevention programs to
reduce violence, in general, and alcohol related violence, in particular. Such
agencies include, but not limited to, the Alcohol Policy Information System
(APIS), the National Institute on Alcohol Abuse and Alcoholism (NIAAA), the
Kentucky Suicide Prevention Group, and the Kentucky Department for Alcoholic
Beverage Control. There is a need for collaboration between laws, social,
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research, suicide prevention, law enforcement, and public health programs to
create planned multifaceted interventions bases on ecological and community
level models to reduce alcohol burden on communities (Emerging Theories in
Health Promotion Practice and Research, 2009). Moreover, as Allamani and
colleagues suggested—prevention of alcohol related violence can be achieved
through community-based initiatives and complex social movements and efforts
implemented by the communities (Allamani, 2012). Furthermore, evidence from
the previous studies and the current study suggests that alcohol consumption
policy prevention measures are not isolated policy interventions, and alcohol
consumption at the community and the individual levels is a complex behavior
that requires complex interventions (Allamani, 2012). Interventions that aim to
enhance the socioeconomic status of the deprived communities include: reduce
access to firearms; increase police presence or surveillance in neighborhoods
with high violent activities; control drug use and trade activities; provide
counselling for couples; and educate the public about times and places of high
criminal activities. Similarly, to prevent suicides, interventions might include:
increase the access to health care for the mentally and the physically ill patients;
provide counseling for couples; provide care for the elderly; improve the
socioeconomic status of the society by increasing access to education and
providing job opportunities; reduce advertising for alcohol, and reduce access to
drugs and alcohol. A combination of these interventions might help reduce
homicides, suicides, homicides followed by suicides, and other forms of violence
as well.
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Furthermore, prevention of alcohol-related violent deaths requires a
multifaceted approach rather than just focusing on alcohol prohibition, for
example, interventions need to focus on limiting access to firearms for alcoholic
individuals and providing adequate health care for the mentally ill. Our finding of
reduced odds of alcohol related suicides among those with mental illness
suggest the need to focus on other venues of prevention of suicide for the
mentally ill, such as, reducing access to firearms and providing health care (Carr,
Porat, Wiebe, & Branas, 2010; Clough et al., 2014). Policies that limit access to
alcohol need to be accompanied by efforts at other social determinants of alcohol
production and consumption in order to avoid backfire consequences, such as,
illegal trading and increase consumption of alcohol and drugs (Wayne, 2010).
Future research should focus on comparing violent deaths, suicides, and
homicides with a living sample of violence survivors, such as, survivors of suicide
attempts and assaults in relation to the broad spectrum of alcohol consumption
and use disorders in order to determine the effects of alcohol on the lethality of
violence. Findings of the current study emphasize the need for accurate data
collection at the incident scene to improve the quality of the data collected.
Surveillance systems of violence may benefit from adding another variable that
specifies the cause of not performing autopsy or laboratory tests for violent death
decedents.
Strengths of the study
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This study has several strengths. To our knowledge, this is the first study
of the association between residence sale status and alcohol-related violent
death in Kentucky. In addition, the use of the multilevel modeling in this study
made it possible to adjust for counties as well as individual level confounders,
such as, mental illness, sex, and alcohol problem. The multilevel approach
overcomes the ecologic fallacy that is a major limitation of the prior aggregate
studies. Furthermore, the use of spatial analysis methods, albeit unadjusted,
helped to identify where clusters of suicides and homicides are, which
necessitates further research of these counties to identify possible prevention
strategies.
Limitations
This study has several limitations. First, approximately 48% of all violent
deaths have missing data on either residence alcohol sale status, blood alcohol
content, or other variables and were excluded from the study. As result, this may
have resulted in non-differential bias, which may have reduced the estimate
towards the null. Second, although we assumed that restriction of alcohol in dry
counties might have led to illegal alcohol consumption among decedents, there
was no information about the type of the alcohol consumed to validate this
assumption. Third, residual confounding might exist in results from spatial
statistics because they were not adjusted for individual level confounders, such
as, sex, mental illness, and educational level nor county level confounders, such
as, unemployment rate, gun sales, and economic growth. Fourth, the sale status
of counties are continuously changing, which may lead to non-differential
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misclassification of the counties and underestimation of the measure of the
association.
Lastly, another important limitation of data from the KVDRS is that “No”
answer to the questions does not necessarily mean that this information is
negative rather it means that we do not know because the information is
extracted from the decedent’s relative who may or may not have accurate
information about the decedent. Furthermore, there was no specific variable set
to know why blood samples were not tested for alcohol or having an unknown
alcohol result, which would have been useful to know why those decedents were
not tested, that is, were they not tested because there was a clear evidence at
the death scene that these decedents were consuming alcohol or was it because
the decedent’s body was decomposed which made testing impossible.
Recommendations
We recommend a comparison study of violent deaths, suicides, and
homicides with a living sample of violence survivors, such as, survivors of suicide
attempts and assaults in relation to their alcohol consumption in order to
determine the effects of alcohol on the lethality of violence. In addition, it is
important to emphasize the need for accurate data collection at the incident
scene to minimize data missingness. Furthermore, prevention of alcohol-related
violent deaths requires a multifaceted approach rather than just focusing on
alcohol prohibition, for example, educating the people about the importance of
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limiting access to firearms for alcoholic individuals and providing adequate health
care for the mentally ill.
Conclusions
Violent death decedents whose residences are in wet counties have an
increased odds of having an alcohol related violent death (aOR=1.25,
95%CI=1.02-1.53) and alcohol related suicides (aOR=1.22, 95%CI=1.00-1.51) in
comparison to residents of moist/dry counties, after adjusting for potential
confounders and population count. In addition, there is a statistically insignificant
33% increase in the odds of being an alcohol related homicide victim among
residents of wet counties compared to residents of moist/dry counties
(aOR=1.33, 95%CI=0.83-2.12), after adjusting for education level, sex, and
population. The unadjusted spatial analysis shows that there is a cluster of
suicides in Montgomery (moist county), Grayson (moist county), and Cumberland
(dry county) counties; alcohol related suicides in Mason (wet county), Wolfe (wet
county), Trigg (wet county), and Rowan (moist county); homicides in the
Appalachian counties; and alcohol related homicides in Robertson, Bath,
Pendleton, Bracken, Crittenden, Hickman, Cumberland, Edmonson, and
Magoffin counties, which are a mixture of wet, moist, and dry counties.
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